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Recent events pertaining to the worldwide energy situation, particularly
those relating to a finite supply of natural gas, which is essential to the
production of fertilizer-N, have forced a re-evaluation ofN management in
crop production. Concurrent with this trend has been the necessity to
reassess the role of N-fixing species.
One of the leading cash crops in the U.S. is soybeans. The increasing
importance of soybeans as a major crop in the South is indicated by the
increase of more than four-fold in acreage devoted to soybeans during the
past two decades. Soybeans were planted on 6.2 million, 14.4 million, and
27.4 million acres in 1959, 1969, and 1979, respectively (23, 24, 25 6 ).
Although acreage has increased, yields per acre have remained almost
constant.
Recent pressures on land usage have forced growers to utilize soils of
wider diversity. Manganese (Mn) may range from deficient to excessive on
these soils.
'Professor, Associate, former graduate student, and former Professor (retired), respec-
tively. Department of Agronomy, Agricultural Experiment Station, LSU, Baton Rouge,
La. 70803.
2 Associate Professor, Dean Lee Agricultural Center, Rt. 2, Box 20, Alexandria, La.
'#1301.
3 Associate Professor, Red River Valley Experiment Station, Box 5477, BossierCity, La.
71111.
4 Professor, and Associate, respectively. Northeast Louisiana Agricultural Experiment
Station, Macon Ridge Branch, Rt. 5, Box 244, Winnsboro, La. 71295.
5 Former Head, Department of Experimental Statistics, currently Dean, College of
Agriculture, and former Associate, Department of Experimental Statistics, respectively,
LSU, Baton Rouge, La. 70803.
^Italic numbers in parentheses refer to Literature Cited, page 42.
The study reported in this publication was a contribution to Project H-I884-R (S-l 17),
"Diagnosis and Correction of Mn and Mo Problems in Legumes."
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Review of Literature
Manganese is essential for the growth and reproduction of plants. It is
not known to what extent Mn participates in symbiotic N fixation in
soybeans, but it is required for the growth of Rhizobia (26).
Manganese deficiency of soybeans is commonly reported in the Atlantic
Coastal Plain, especially in Virginia and the Carolinas (//), and more
recently in the Atlantic Flatwood soils of Florida (18) and Georgia (2),
especially on soils with pH values above 6.5. On the other hand, Mn
toxicity has been reported in Georgia and Mississippi on well-drained soils
with pH levels below 5.5 ( 10, 16). Also, Mn sufficiency, deficiency, and
toxicity levels in soybeans (6, 9, 14) are undoubtedly influenced by
differences among cultivars (1,3,4,7). (
The complexity of Mn chemistry in soils is well documented and was
recently reviewed in considerable detail (14). While it is generally ac-
cepted that the total soil Mn content bears little relationship to plant uptake,
the numerous soil factors that render Mn available for plant use are
incompletely understood. Numerous studies have dealt with the influence
of organic matter on available Mn (14, 17), the oxidation-reduction
potential (8), the effect of added fertilizers on native and applied Mn ( 75),
and the interaction between Mn and Zn on Mn uptake and translocation
(20). Add to these the influence of temperature (22) and it becomes clear
that in addition to natural soil factors, climatic, environmental, and certain
management factors must be taken into consideration in attempting to
interpret Mn soil tests.
Experimental Procedure
An investigation was initiated in 1976 and continued through 1981 to
determine the effects of soil reaction (pH) and five rates of applied Mn on
the yield of soybeans (Glycine max (L.) Merr.) and on the chemical
composition of the soil and the leaves of soybean plants grown on four
soils. A
The experimental locations, soil types, and initial soil reaction value?
were: Dean Lee Agricultural Center, Norwood silt loam (Typic Udiflu-
vent), pH 8.1; Red River Valley Experiment Station, Severn very fine
sandy loam (Typic Udifluvent), pH 7.8; Macon Ridge Branch Experiment
Station, Grenada silt loam (Glossic Fragiudalf), pH 5.9; Perkins Road
Agronomy Farm, Falaya silt loam (Aerie Fluvaquent), pH 6.4.
The experimental design at the Dean Lee Agricultural Center and the
Red River Valley Experiment Station was a complete randomized block
with four replications of each of the five rates of Mn. The experimental
design at the Macon Ridge Branch Experiment Station and the Perkins
Road Agronomy Farm was a complete randomized block with a split-plot
4
arrangement of treatments. Two levels of S comprised the main plots and
the five Mn treatments occupied the subplots. Three replications of each
treatment combination were used. The Mn treatments were applied annu-
ally from 1976 through 1979. Mn was not applied in 1980 or 1981. Sulfur
was applied in 1976, but no S was applied in succeeding years. Soil
chemical analysis was used as a guide for P and K fertilization so that these
would not become factors limiting the growth of soybeans.
Mn rates were 0, 10, 20, 30, and 40 kg Mn/ha (0, 8.9, 17.8, 26.7, 35.6
lbs. Mn/A) as MnSC>4 • 3H>0, 29 percent Mn. The material was broad-
cast on the soil surface in an aqueous solution prior to planting. S was
applied to the Grenada silt loam at the rates of 0 and 728 kg/ha (650 lbs/A)
f as
sublimed S, 99.8 percent S. Soil testing had shown that 728 kg S/ha
would change the pH from 5.9 to 4.5. The S was broadcast on the soil
surface and mixed by disking 6 weeks prior to planting in 1976. Similarly,
0 and 1,232 kg S/ha (1,100 lbs/A) were broadcast on the surface of the
Falaya silt loam and mixed by disking 12 weeks prior to planting. Soil
testing had shown that 1 , 1 00 lbs S/A would change the pH from 6 .4 to 4 . 5
.
The location, cultivar, and maturity groups of the soybeans were: Dean
Lee Agricultural Center—Forrest (Group V), and Bragg (VII); Red River
Valley Experiment Station—Centennial (VI), and Bragg (VII); Macon
Ridge Branch Experiment Station—Forrest (V), and Bragg (VII); and
Perkins Road Agronomy Farm—Lee 74 (VI), and Bragg (VII).
Soil and plant tissue samples were collected from each plot at the R5
stage of development (seeds Ms-inch long in the pod). The soil samples
were air-dried at room temperature, ground to pass through a 2-mm
stainless steel sieve, and stored in 16-ounce plastic bags. Soil samples were
analyzed for P, K, Ca, Mg, organic matter, and pH by the Soil Testing
Laboratory, Louisiana State University. The extractants, soil solution
ratios, and extracting times used in the determination of soil Mn are shown
in Table 1. The diethylene triamine pentaacetic acid-triethanolamine
Table 1. — Extractant, soihextracting solution ratio, extracting time, and reference
used for determining soil Mn
It
Extractant
Soihextracting
solution ratio
Extracting
time (min.) Reference
0.005 M DTPA, 0.1 M TEA,
0.01 M CaCb, pH 7.3 1:2 120 Lindsay and Norvell, 1969, (12)
H2O 1:10 30 Sherman and Harmer, 1942, (J9)
0.1 N HCL 1:10 60 Sorensen et al., 1971, (21)
0.05 N HCL +
0.025 N H2SO4* 1:4 15 Cox, 1968, (6)
0.1 N H3PO4 1:10 60 Hoff and Mederski, 1958, (9)
1.5 M NH4H2PO4 1:10 60 Hoff and Mederski, 1958, (9)
* Double acid.
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(DTPA-TEA) extractant was also analyzed for Cu, Zn, and Fe using a
Perkin-Elmer 503 atomic absorption spectrophotometer. Extraction of
soils with a solution of 0.05 N HC1 + 0.025 /V H2SO4 will be referred to as
"double acid" extraction. Extraction with water was discontinued after
1977 because filtration times were longer than practical for routine
analysis.
Plant tissue samples were dried at 70°C in a forced-draft oven for 48
hours, ground in a stainless-steel Wiley mill to pass through a 20-mesh
screen, and digested in 3:1 v/v mixture of nitric and perchloric acids.
Analysis for P followed the vanadate-molybdate-yellow method (5). The
Perkin-Elmer 503 atomic absorption spectrophotometer was used to de-
termine tissue concentrations of K, Ca, Mg, Cu, Zn, Fe, and Mn.
Analysis of variance and correlation analysis were used to verify signifi-
cance of differences among means and of simple correlations, respectively.
Values of least significant difference (LSD) reported in Results and Dis-
cussion are considered protected. Analyses were performed by the LSU
Department of Experimental Statistics, Baton Rouge.
Results and Discussion
The influence of different rates of Mn on the plant and soil chemical
analyses and the yields of Forrest and Bragg soybeans grown on Norwood
silt loam in 1977, 1978, and 1979 are shown in Tables 2, 3, and 4,
respectively. Within cultivars, there were no significant differences among
treatments with respect to yield. In 1978, the leaf tissue of the Bragg
cultivar from the Mn-treated plots contained a higher concentration of Mn
than that from the check plots.
The influence of different Mn rates on the plant and soil chemical
analyses and the yields of Centennial and Bragg soybeans grown on Severn
very fine sandy loam for 1977, 1978, and 1979, are shown in Tables 5, 6,
and 7, respectively. There were no significant differences among Mn
treatments with respect to yield. The Norwood silt loam and Severn very
fine sandy loam soils have reactions ranging from pH 7.4 to 8.0. M#
availability to the plant was expected to be at such a level as to induce
deficiency. However, deficiency symptoms were not observed, even
though very low concentrations of DTPA-extractable Mn were found in
both soils in 1979.
The influence of different S and Mn rates on the plant and soil chemical
analyses and the yield of Forrest and Bragg soybeans grown on Grenada silt
loam (1977-79) is shown in Tables 8-13. There were no significant differ-
ences among Mn or S treatments with respect to yield during any year. Low
yield values were attributed to dry weather in 1978. In 1977 (Tables 8 and
9) and 1978 (Tables 10 and 1 1), significantly higher concentrations of Mn
were found in the tissue of Bragg and Forrest soybean plants in plots
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receiving S than in plots receiving no S. During early plant development,
Mn toxicity symptoms were observed in plots receiving S. The Forrest
cultivar tended to become less severely affected as the season progressed
than did the Bragg cultivar. In 1 977 , extractable soil Ca and Mg levels each
were lower for plots receiving S than for plots receiving no
S. The
DTPA-extractable Fe concentration in the soil was higher for plots in which
S was applied than for plots in which S was not applied. The concentrations
of soil Mn determined by the six methods significantly increased in plots
receiving S versus plots receiving no S, with the exception of DTPA-TEA
Mn under the Bragg cultivar. In 1978 (Table 10) under Forrest soybeans,
there were higher concentrations of Mn extracted from the soil in plots
t receiving S than in plots
receiving no S for all methods. Also, there was a
significant difference among Mn treatments with respect to 0.1 N HC1-
extractable Mn. However, the levels of extractable Mn did not increase as
the rates of applied Mn increased. In 1978 (Table 11) under Bragg soy-
beans, extractable soil Mn was lower in plots receiving S than in plots not
receiving S. In 1979 (Table 13) under the Forrest cultivar, there was a
significant difference among Mn treatments with respect to plant tissue Mn
concentrations. However, the tissue Mn concentration did not increase
consistently as the Mn treatment rate increased. In addition, for plots
treated with S the concentrations of extractable Ca and Mg each were lower
than for plots not treated with S.
The influence of different S and Mn rates on the plant and soil chemical
analyses and the yields of Bragg and Lee 74 soybeans grown on Falaya silt
loam (1977-79) is shown in Tables 14-19. In 1977 (Table 14) the yield of
Bragg soybeans was approximately 4 bu/A higher for plots not receiving S
than for plots receiving S, but Mn treatments had no significant effect on
yield. The data show that there were no significant differences among S or
Mn treatments with respect to yield for any of the remaining cultivar-year
combinations. It should be noted that during periods of high rainfall, early
in the growing season, in poorly drained areas of the field, Mn toxicity
symptoms appeared in the Bragg cultivar. The field appeared to be
adequately drained for the Lee 74 cultivar.
* Leaf tissue analysis of the Bragg cultivar in 1977 (Table 14) showed a
significant increase in K concentration and a significant decrease in Ca
concentration with the application of S. This trend was not determined for
the Lee 74 variety (Table 15). In 1977, the tissue concentrations of Mn in
both the Lee 74 and Bragg soybeans were higher for plots receiving S than
for plots not receiving S, while Mn applications had no similar effect. Soil
analysis showed a significant decrease in extractable Ca and Mg for plots
receiving S versus plots not receiving S. Also, the concentrations of
DTPA-extractable Mn and Fe increased for plots receiving S versus plots
receiving no S.
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In 1978 (Tables 16 and 17), the concentrations of DTPA-extractable Fe
and Mn were significantly higher in plots receiving S than in plots not
receiving S for the Bragg and Lee 74 cultivars. However, the concentra-
tions of extractable soil Ca and Mg decreased significantly for the plots
receiving S only for the Lee 74 cultivar. A similar nonsignificant trend may
be seen for extractable soil Ca and Mg for the Bragg cultivar. The leaf
tissue of Lee 74 soybeans grown in plots receiving S contained a signifi-
cantly higher concentration of Mn than soybeans grown in plots receiving
no S. For the Bragg cultivar, a similar nonsignificant relationship may be
seen. For both cultivars, there was a significant difference among Mn
treatments with respect to DTPA-extractable Mn, but the higher rates of
Mn did not consistently produce the higher soil test values. f
In 1979 (Table 19) for Lee 74 soybeans in plots receiving S, the leaf
tissue Mn and the DTPA-extractable soil Mn and Fe were significantly
higher than for plots receiving no S. There was a significant difference
among Mn treatments with respect to extractable soil P, the check plots
averaging 123 pig P/g and the treated plots averaging less than 100 fig P/g.
However, leaf tissue analysis showed adequate concentrations of P for all
rates of Mn.
For Bragg soybeans in 1979 (Table 18), the concentration of DTPA-
extractable soil Fe was significantly higher for plots receiving S than for
plots receiving no S. Plots treated with S tended to have lower concentra-
tions of extractable soil Ca and Mg, and tissue Ca and Mg than plots treated
with no S. However, the difference between S treatments was statistically
significant for soil Mg.
The residual effects of applications of different rates of S and Mn on the
yield of soybeans in 1980 at each of the four locations are shown in Table
20, since Mn and S were not applied in 1980. The data indicate no
significant differences among treatments with respect to yield at any
location. The low yields obtained on the Grenada soil were attributed to dry
weather.
Simple correlation coefficients for soybean yield and Mn concentrations
in the leaf tissue and various soil extractants are shown in Tables 21-32.^
Tables 3 1 and 32 include correlations with extractable soil Ca. Correlation
analysis of yield and leaf Mn was significant for the following conditions:
1979, Forrest, Norwood silt loam, r = -0.533, Table 23; 1977, Forrest,
Grenada silt loam, r = -0.369, Table 27; 1979, Forrest, Grenada silt
loam, r = -0.533, Table 29; and 1977, Bragg, Falaya silt loam, r
=
-0.708, Table 30.
It should be noted that all significant correlations were negative, which
implies excessive Mn in the leaf tissue.
Correlation analysis of yield and extractable soil Ca resulted in signifi-
cance in 1979 (Table 32) for the Bragg cultivar grown on Falaya silt loam, r
= 0.619. The Falaya soil contains a relatively high amount of native Mn
22
and is poorly drained. And, in the lower areas at this location
extractable
soil Ca concentrations ranged from 500-600 m/g, while in the higher
better drained areas soil Ca ranged from 650-1,000 /ig/g.
Mengel and
Kirkby (13) state that Ca is absorbed through the root tips.
Therefore, poor
drainage and aeration in the Falaya soil may have contributed
to less root
development with a depression in Ca uptake and yield for the more
poorly
drained plots DTPA-extractable soil Mn was negatively correlated
with
extractable soil Ca (r = -0.461) and with yield (r = -0.440).
Mn
antagonism may also have depressed Ca uptake and yield.
In 1978 (Table 31), the leaf tissue Mn of Lee 74 and Bragg soybeans
were each negatively correlated with extractable soil Ca,
r = -0.657 and r
=
-0.578, respectively.
At each of the four locations the correlation coefficients
of leaf tissue Mn
and extractable soil Mn by the six methods did not show one extractant to
be clearly superior to another. Significant correlations
for the Norwood silt
loam and the Severn very fine sandy loam were inconsistent
among years
and cultivars.
For the Falaya silt loam in 1979 (Table 32) there were no
significant
correlations of leaf Mn with soil Mn. In 1978 (Table 31), only DTPA-TEA
(r = 0 520) for Lee 74 cultivar was significantly correlated with
leaf tissue
Mn In 1977 (Table 30) , for the Bragg cultivar DTPA-TEA (r = 0.703 ) was
more highly correlated with leaf Mn than the other extractants, and for the
Lee 74 cultivar MAP, 1.5 M NH4H2PO4, (r = 0.686), and DTPA-TEA (r
= 0.573) were the first and second most highly correlated with leaf
Mn.
For the Grenada silt loam in 1977 (Table 27) , H2O (r = 0.849) was more
highly correlated with tissue Mn for the Bragg cultivar and double acid (r
-
0 896) for the Forrest cultivar than the other extractants. But, H2O was
significantly correlated with tissue Mn (r = 0.850) for the Forrest cultivar
as well. DTPA-TEA was well correlated with leaf Mn for Forrest (r
-
0.884) but not as well for Bragg soybeans (r = 0.461). In 1978
(Table 28),
DTPA-TEA (r = 0.797) was more highly correlated with tissue Mn in
Forrest soybeans than the other extractants, and MAP (r = 0.781) was
*
more highly correlated for the Bragg cultivar. For the Bragg
cultivar the
DTPA-TEA correlation with leaf Mn (r = 0.606) followed MAP. In 1979
(Table 29), all of the extractants were either poorly correlated
or not
significantly correlated with leaf Mn for the two cultivars.
In all years there were numerous significant correlations
between the
different extractants for soil Mn. However, these results and others,
previ-
ously reported, do not support the use of one extractant rather than
another
for the prediction of Mn availability and uptake by the plant. In general,
with respect to extractable soil Mn, the data show that for a given extraction
method there was substantial variation among years. Although statistical
significance among treatments may have been established, the higher soil
23
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test values for Mn did not necessarily follow from the higher rates of Mn
application. .
Factors that may have contributed to the vanabdity of soil test Mn, Leal
tissue Mn, and soil-leaf Mn correlation results were: soil type, soil mois-
ture and temperature, and soil sample preparation. Sample preparation
may
well have more influence than other factors on the ability
of soil test
interpretations to predict sufficiency or deficiency of Mn for the production
of soybeans Any process that influences the oxidation-reduction potential
or pH of the soil is likely to affect Mn solubility, particularly drying the soil,
prior to analysis,
Summary and Conclusions
An investigation conducted under field conditions determined the influ-
ence of soil reaction (applications of S) and five rates of Mn applications on
the yield of soybean plants on four Louisiana soils: Norwood silt loam
(Typic Udifluvent); Severn very fine sandy loam (Typic Udifluvent);
Grenada silt loam (Glossic Fragiudalf), and Falaya silt loam (Aenc
Fluvaquent). S applications were made only on the Grenada and Falaya
soils. The results of tests in 1977 through 1980 led to the following
conclusions:
1 . There were no significant positive or negative yield responses to the
soil applications of Mn for any soybean cultivar grown on any of the four
soils during any year.
2. The yield of Bragg soybeans grown on Falaya silt loam in 197 / was
approximately 4 bu/A higher for plots not receiving S (pH 5.5 - 5.8) than
for plots receiving S (pH 4.6 - 5.0). Significant yield responses were not
observed for the remaining cultivar-year-location combinations.
3. Overall, adjustment of the soil reaction with the addition of S was
more reliable in producing changes in leaf tissue Mn and extractable soil
Mn than was the soil application of Mn as MnSC>4 • 3H>0, 29 percent
Mn.
4. The data show that under conditions of high moisture and low pH
» (<5.0), Mn concentrations in the loessial soils investigated (Grenada silt
loam, and Falaya silt loam) may reach concentrations tending to produce
toxic symptoms in the soybean plant and possibly decreasing yields. The
Bragg cultivar appeared to be more susceptible than the Forrest or Lee
74
cultivars.
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